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(54) Title: ARTICULATION SUPPORT DEVICE 
(57) Abstract 

Purpose of the system the determination of the correct position of an 
external structure that, bridging between the bone structures of a physiological 
articulation, should allow relative motion between the parts without contact 
load, thus allowing healing of an unloaded but working articulation. The 
system is composed by two fundamental elements, a measuring device allowing 
the continuous recording of six parameters fully describing the relative motion 
between its extremes, and an articulation fixator, both supplied at each end 
by reference slots. In particular the measuring device supplies a computer, 
equipped with dedicated soft/hardware, the co-ordinates of any point connected 
" the last member of the kinematic chain of the measuring device with respect 
the first member of said chain. The fixator is made in three portions, each 
bearing six degrees of freedom between its extremes. The end portions of the 
fixator have to be set to a static configuration, in order to allow properly placing 
the mechanism used to reproduce the patient's geometry (the central portion of 
the fixator), with respect to the pins inserted into the patient's bones. Setting 
of the various degrees of freedom of the system is guided by a computer, 
while the seventeenth is left to the doctor to centre the articulation supporting 
device with respect to the articulation itself, and the last coincides with the 
degree of motion left to the patient. As alternative to the eighteen degrees 
of freedom fixator, a passive device presenting six degrees of freedom could 
be used. Such structure, once regulated with the help of the computer, will 
be used to allow blocking the real fixator in the configuration required by 
the patient. As further alternative, a mounting robot directly connected to the 
computer could be used, in order to physically determine the relative position 
between the fixator member connected to the patient's bone, and the frame or 
the rod of the mechanism that best fits patient's motion. 
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Description 
ARTICULATION SUPPORT DEVICE 

Technical Field 

In case of articulation's trauma, the usual procedure is to block the articulations till 
healing. This may cause a permanent articulation damage and. in the best condition, a iong 
period of rehabilitation. Alternatively, donjoys or elements of plaster of Paris connected by 
hinges may be used. The present invention deals with a system able to allow motion of 
physiological articulations in absence of load, being the weight supported by an external 
device, connected through pins to the patient's bone structure. 

Background Ar[ 

Currently the task of supporting a damaged articulation when motion is to be 
permitted is performed by donjoys or by the aforementioned plaster of Paris elements. 
These however cannot fully support the articulation because they are not connected to the 
bone structure. On the other hand external articulation fixators that are not guided during 
calibration by a computer may cause more problems than they solve. 

Disclosure of Invention 

In order to solve the problem of supporting the weight while allowing at least one 
degree of motion, a system is needed in which it is first possible to measure the individual 
patient's articulation geometry, rigidly connecting the proximal and the distal bones facing 
the articulation, with a measuring device, able to supply a computer the instantaneous 
values of six parameters used to fully describe the relative motion between its extremes. 

Thus, in the case of the knee, pins are inserted both in the femur and tibia. The first 
member of the measuring device is connected to the femoral pins, while the last is clamped 
to the tibia pins, and then the knee is articulated while proceeding with the measurement. 
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25 It is obvious that in the case of an articulation damaged by a trauma, first the doctor 

should operate the patient to reconstruct the articulation, then, he should move the patient's 
articulation allowing via the measuring device to detect the correct patient's geometry. 

Then the mechanism that best fits the individual patient, never allowing compression 
of the articulation to be healed, is to be determined via dedicated software, together with its 
30 position with respect to the pins inserted by the doctor into the patient's skeletal structure. 

As a third step the mechanism determined as suitable for the patient, should be 
correctly positioned, placing its frame at the right place with respect to the proximal pins, 
and similarly its rod, with respect to the distal ones. 
35 To this end each of the two portions of the fixator joining the bone to the articulating 

mechanism have to be supplied with six degrees of freedom between the extremes. In 
between, in the case of a knee, a four bar linkage may be inserted whose geometry is fixed 
by the length of the four bars and by the initial and final angle between the frame (the 
proximal part of the fixator) and the first crank linking to the rod. In other cases, a simple 
40 hinge, but correctly placed, may be sufficient. 

The adjustment of the fixator is then performed by comparing, with the help of the 
measuring device, the recorded individual motion with the fixator's motion, and separately 
regulating the correct position for each of the six degrees of freedom of the fixator. This 
allows minimising errors in positioning by using a string of data (the data obtained 
45 measuring the motion of the rod) rather than a single one (the position of the frame), more 
sensitive to digitisation errors. 

At the end of this procedure the patient will be able to move the articulation being 
supported by a purely mechanical system, not needing further adjustments. 

Notice that the system described is applicable to any articulation, and not only to the 
50 knee, even if the prototypes of the system described were developed only for this. 

Also notice that six degrees of freedom necessary for each of the two portions of the 
fixator may belong to the fixator itself, or may be part of a different device, active (driven 
by the computer) or passive (driven by the operator), that should be used as a "fixation 
mask" to guide mounting of the real fixator while respecting the required geometry. 
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55 Such fixator, that may be made much more freely, has the oniy task to withstand the 

forces while keeping the frame of the selected mechanism at the right position with respect 
to the pins on the proximal side of the articulation, and the rod of said mechanism at the 
right position with respect to the pins on the distal side of the articulation. 

60 Brief Description of the nrnu/ir,^ 

Table 1 shows a possible execution of an articulation fixator for the knee, on which 
a, b and c are the roto-traslational axes that supply the six degrees of freedom needed on 
the proximal structure. On the same table, d, e and f indicate the other six degrees of roto- 
translation relative to the distal structure. In between a four bar linkage is inserted. Also 
65 notice that the translational and rotational adjustment of each couple of degrees of freedom 
can be performed, for example, using counter nuts. 

Section AA on the same table shows as, in order to uniquely position the clamp with 
respect to the bone patient, one of the slots on the clamp needs to present a reference hole, 
to be fitted by a reference pin. 
70 Still worth of notice in the same figure the fact that one of the constraints c e d (the 

ones relative to the translational component) are to be set freely by the doctor, since they 
allow to move the four link bars along planes parallel to motion. 

In particular, assuming to utilise a double four link bar for stability, constraints c e d 
75 allow positioning the four link bars on both sides of the articulation. 

Also notice that the system shown in figure is only one of the infinite possible 
systems bearing six degrees of freedom. 

For instance, in the measuring device used in the research that led to the present 
Patent Application (Table 2), the six degrees of freedom are all rotational, but allow as well 
80 placing the two bodies in any reciprocal position. Similarly the six degrees of freedom of 
both the measuring device and the two fixator's portions can be set as described in US 
Patent n° 5,152,280 (Table 3), or in any other configuration, as long as at least three 
rotational degrees are left. 
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Table 4 shows the distal portion of the measuring device clamped on one side to the 
85 proximal pins, and on the other to the rod of the four link bar, for adjustment of the six 
degrees of freedom of the proximal portion of the fixator, while Table 5 shows the 
measuring device hooked between the fixator end clamps, in order to set the values of the 
six last degrees of freedom. 

As alternative to the seventeen degrees of freedom fixator one can use a six degrees 
90 of freedom system, thereby called the fixation mask, as the one shown in Table 6. In this 
case the system itself is positioned coupling the six degrees of freedom fixation mask to the 
measuring device between the clamp and the rod of the mechanism, used to reproduce the 
articulation movement, similarly to what shown in Table 4, then, through the computer 
controlled measuring device, one proceeds to the measurement of the trajectories described 
95 by the rod of the articulating mechanism. 

Once the correct configuration has been obtained through sequential adjustment and 
locking of the six constraints (the degrees of freedom of the fixation mask), one can 
mount, using the mask as a guide, the structure of the real fixator. 

At this point the fixation mask is removed and connected between the frame of the 
100 mechanism and the end clamp on the distal side, while the measuring device is connected 
between end clamps, setting this time the last six degrees of freedom on the proximal side. 
This is shown in Table 7. 

Clearly it is also possible to use as a fixation mask a complete fixator as per Table 4. 
As further alternative (Table 8), one can use a six degrees of freedom active 
105 positioning device (mounting robot) using it as substitution to the fixation mask. The active 
device, under computer control, will move its extremes to assume the correct relative 
position, allowing, as in the aforementioned case, the assembly of an external structure. In 
particular the fixator's extremes will have to be connected one on constraint (a) and one on 
constraint (f) of table 7, whereas (a), (b), and (c) are active rotating devices, while the 
remaining three supply the translational degrees of freedom. 
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Claims 

Fixation system for articulations leaving one degree of motion, characterised by the 
presence of a measuring device allowing to record the instantaneous values of six 
parameters describing the relative motion between the bones facing an articulation. 
Such device is to be coupled to an electronic instrument able to detect and elaborate 
data (for instance a computer with data acquisition board + special purpose 
software), and to a device for external support of articulations. 
The articulation's external fixator is to be composed by two members connected 
through a mechanism leaving one degree of freedom, such as a four bars linkage or a 
hinge or any other mechanism, whereas each of the two members is per itself a six 
independent degrees of freedom system, which can be individually set, in order to 
allow the correct positioning of the mechanism, selected to better reproduce the 
patient physiological kinematism, with respect to the pins inserted into the patient's 
bones. 

The clamps will have to be provided by a repere slot, in order to allow uniquely 
positioning both the measuring device and the fixator with respect to the patient's 
bone structure. 

Fixation system for articulations leaving one degree of motion, characterised by the 
presence of a measuring device allowing to record the instantaneous values of six 
parameters describing the relative motion between the bones facing an articulation. 
Such device is to be coupled to an electronic instrument able to detect and elaborate 
data (i.e. a computer with data acquisition board + special purpose software), and to 
a six degrees of freedom passive device. 

Such device is to be used to reproduce, regulating the values of the individual 
degrees of freedom under computer instruction, the correct position between the pins 
inserted into the patient's bony structure, and, in sequence, first the rod of the 
mechanism that has been selected as suitable to better reproduce the physiological 
motion, under control of the measuring device, and then the position of the clamp on 
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the other side of the articulation. 

Once the correct configuration has been obtained the device is to be used as fixation 
30 mask, in order to allow the assembly of an external structure that will not have any 

other constraint than to correctly reproduce the end geometry of the fixation mask, 
while withstanding the applied forces. Also in this case the clamps will have to be 
provided by a repere slot, in order to allow uniquely positioning both the measuring 
device and the fixator with respect to the patient's bone structure. 

35 

3 . Fixation system for articulations leaving one degree of motion, characterised by the 
presence of a measuring device allowing to record the instantaneous values of six 
parameters describing the relative motion between the bones facing an articulation. 
Such device is to be coupled to an electronic instrument able to detect and elaborate 
40 data (i.e. a computer with data acquisition board + special purpose software), and by 

a six degrees of freedom active device. 

Such device is to be used, under direct computer control, to reproduce the correct 
position between the pins inserted into the patient's bony structure, and, in sequence, 
first the rod of the mechanism that has been selected as suitable to better reproduce 

45 the physiological motion, under control of the measuring device, and then the 

position of the clamp on the other side of the articulation, under direct control of the 
computer. Once the correct configuration has been obtained the active device 
(mounting robot) is to be used as fixation mask, in order to allow the assembly of an 
external structure that will not have any other constraint than to correctly reproduce 

50 the end geometry of the fixation mask, while withstanding the applied forces. 

Also in this case the clamps will have to be provided by a repere slot, in order to 
allow uniquely positioning both the measuring device and the fixator with respect to 
the patient's bone structure 
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55 4 . Fixation system for articulations leaving one degree of motion, characterised by the 
presence of a measuring device allowing to record the instantaneous values of six 
parameters describing the relative motion between the bones facing an articulation. 
Such device is to be coupled to an electronic instrument able to detect and elaborate 
data (i.e. a computer with data acquisition board + special purpose software), and by 
60 a system bearing a minimum of six and a maximum of twelve degrees of freedom 

used to regulate, one degree of freedom at the time, the position of the frame of a 
mechanism, with respect of the pins inserted into the proximal bone converging on 
the articulation, and the position of the rod of a mechanism, with respect of the pins 
inserted into the distal bone converging on the articulation. 
65 Such mechanism is to be selected via software through analysis or synthesis methods 

of Applied Mechanics, based on the data obtained from the measuring device, in 
order to better reproduce the patient's physiological motion, and can consist in a four 
bar linkage, in a hinge, or in a spatial device, leaving one or two degrees of freedom 
to the articulation, guiding it in any event during the relative motion. 
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